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ABSTRACT »

The NAVSTAR Global Positioning System is a worldwide,
: all-weather, satellite positioning systea capable of high
% accuracy real-time position determinations. The Applied »

—

Research Laboratories (ARL:UT), in conjunction with the

Naval Surface Weapons Center (NSWC/DL) ani other government

agercies, conducted geodetic field tests of a joveranament

i sponsored prototype receiver, the TI4#100/GEOSTAR, in March j
1984. Data were acquired from four satellites by three

Py

receivers, with antennas located at known stations, over

: approximately six-hour periods each day.

¢ Based on the real-time solutioans acquired on March 1, 8,
and 9, 1984, absolute point position Jdeterminations have an
average discrepancy of 7.5 meters with a one sijma repeat-
ability of less than a meter. Relative positions were
determined to an average relative accuracy of 1:9,700 for y
distances of 14 to 2€ kilometers.
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I. INIRODUCTION

The Naval Surface Weapons Center (NSWC), with sponsor-
ship by the Defense Happirng Agency (DMA), has developed a
system for geodetic positioning with taoe use of the NAVSTAR
Global Positioning System (GPS) [Ref. 1]. A government
sponsored prototype receiver, the II41)0/GZ0STAR, was devel-
oped by Texas Instruments through contract with Applied
Research Laboratories, The University of Texas at Austin
{(ARL:UT) [Ref. 2]. The receiver was tested Ly ARL:UT irn
conjunction with NSWC and other government agencies over
short and medium base lines in March 1984. The Defense
Mapping Agency Hydrographic/Topographiz Center (DMAHTC) aas
expressed irnterest in independent analyses of the data fronm
these tests [Ref. 3].

Absolute point positioning, as it is used in this
thesis, is the determination of a position with the use of
one GPS receiver. Relative fpositioning is the determination
of two positions relative to each othkar with the use of two
receivers. The basic premise of real-time relative posi-
tioning is that GPS observation errors are to a large extent
systematic in the same general area at the same time. If
such is the case, relative positioning by two raceivers can
locate positions relative to each other more accurately than
absolute positioning alone.

Accuracy standards for horizontal control ragquire
certain relative accuracies between directly cornected adja-
cent points. Third-order surveys are used for local hori-
zontal control in hydrographic surveyinyg and other local
projects. Third-order, Class II standards require relative
accuracies of at least 1:5,000 between directly connected
adjacent points (e.g., 5 meters relative accuracy between
stations separated by 25 kilometers). [Ref. 4]
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Geodetic positioning with GPS has advantagyes over
conventional surveying methods. Visilbility Letween sites -
and fair weather conditions are not reguired. Real-time
positioniny has a special application in the case where tre
pr-sition of a station is needed in a short aazount of tine
and btefore the data can be post-processed. An analysis of
the real-time solutions of the GEOSTAR short and medium base

lire tests will give an estimate as to what Jegree of accu-

racy tle system can achieve in real-tiae.
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II. BACKGROUND

A. THE GLOBAL POSITIONING SYSTEM

The Global Positioning System 1s i worldwils, all-

weather, satellite positioning system. GPS can be thought
of as consisting of three components; the Space Segment, the
Control Segment, and the User Segment. The Spaze Segment
'; will consist of eighteen satellites (with thres spares) in
six ortit planes when fully operational in late 1968 or
early 1989 {Ref. 5). The satellites will orbit the Earth in
twalve-hour periods at altitudes of approximately 20,000
} kilometers. This constellation will provide four satellites
ir view at one time at elevations of greater than 20°¢ atove
the horizon. [Ref. 6] The satellites' ground paths will be
fixed. The time at which a particular satellites will be 1in
ii view at a certain positiorn will be about rfour minutes
earlier each day due to the Jifferences between solar and
sijereal time. [Ref. 7]
The GPS satellites have on orbit weight of 950 vounds.
*ﬂ Power is supplied by solar panels and nickel-cadniun
batteries. The satellites are equipped with atomic clocks
with stabilities on the order of 1 part in 10t3. [ERef. 8]

Perturbations in the sac.2! " ite orbits are caused by the
forces of attraction of astronomical bodies, gravitational
irreqularities of the earth, and solar radiation pressure.
These perturbations are compensatel for by the Countrol

h r‘rfvr.ﬁ'-\vﬁ —

Segment and frequency standard offsets. [Ref. 7]
The Control Segment consists of four monitor stations

vy

@ located at Alaska, Hawaii, Guam, and Vandenburg AFB; and a
Master Control Station (4¥CS) and an Jpload Station at
Vandenburg AFB [Ref. 9]. The monitor stations track the

1
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satellites then send the data to the MNCS for processinj to
determine updated predictions of satellite and clock
behavior. The updated predictions are transmitted to the
satellites by the Upload Station. [Ref. 10]

B. TRANSMISSION SIGNALS

The GPS NAVSTAR satellites simultaneously transmit navi-
gation information on 2 RF frequencies; the L1 frequency at
1575.4 KHz. and the 12 at 1227.6 MHz. Both frejuencies are
modulated with pseudo-random noise (PRN) codes. The Precise
Positioning Service (PPS), formerly called the "P-code", is
modulated on both frequencies and the Standard Positionirng
Service (SPS), formerly called the "C/A-code", is available
only on the L1 frequency. PRN codes, different for each
satellite, serve the purpose of uniquely identifying the
particular satellite and provide a means of determining the
signal transit time by measuring the phase shift necessary
ior the receiver to match codes. [Ref. 11 and 12]

The SPS is a relatively short code of 1023 bits. The
code repeats itself every millisecond at a bit rate of 1.023
Mbps. Due to the short duration time of the S5SPS, the code
is relatively easy to match and lock on to. The PPS has a
7-day code duration and 10 times the bit rate, making the
PPS code relatively difficult to match with the receiver's
internally generated code. The PPS offers the advantage of
a finer resolution of the phase shift necessary to match
codes, thus a greater measurement accu-.cy of signal transit
time. [Ref. 11] )

C. THE NAVIGATION MESSAGE

The GPS Navigation Message is modulated on both the L1

and L2 Zfrequencies and contains information necessary to
conpute the user's position. The information is in the fornm

12
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of a 50 Ekps. data stream coumon to both the PPS and SPS.

The data frame is 1500 bits liong and consists of 5 subfranmes
of 6 seconds (300 bits) each. The Navigation Message
provides information such as satellite ephemeriles, systen
time, satellite clock behavior, and transmitter status.
[Ref. 13]

Subframes are divided into ten 30-bit words. The first
two words of each subframe contain system time and time
synchronization information for transfer froam the S2S to the
PPS in the form of hand-over words (HOW) and telemetry words
(TLM). The remaining 8 words contain user navigation data
generated by the Control Segment. [Ref. 13]

Data Block 1 occupies words 2 through 10 in subframe
one. It contains fregquency standard corrections, an associ-
ated age of data word, and ionospheric delay corrections for
single frequency receivers. The clock correction parameters
are used to determine the satellite's clock offset from GPS
time by the following equations:

t =t - At : (2.1;

b, =a, +a (t-t ) +a,(t-t )2 (2.2)
where t is the GPS time in seconds measured froit the begin-
ning of the GPS week (approximately Saturday/Sunday midaight
GHT)}, tsv is the satellite's PRN code phase timz at the time
cf messaye transmission, t . is Data Block 1 reference tize
(seconds), and a,, a,, and a, are Data Block 1 clock correc-
tion parameters (coefficients of a second order polynomial).
Note that t may be approximated by t., in equatioa 2.2.
[Ref. 13]

The age of data word (AODC) is the time between Data

v

Block 1 reference time and the time since the last measure-

uert used ir computing the clock correction parameters

13
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[Bef. 13]. Test data in this thesis wa2re obtained using
both the L1 and L2 frequencies, therefore, the iLoaospheric
delay parameters for single frequency receivers contained ia
Data Block 1 are not used (see Van Dierendonck, et al,
1978) .

Data Block 2 contains ephemeris information in subfranes
2 and 3. This data includes associated age of ata words
(AODE) which represent the time difference between Data
Block 2 reference time and the time of the last measurement
used in the estimation of the ephemeris parameters. The
ephemeris data includes conventional Keplerian-type parame-
ters, secular drift terms, and harmonic coefficients used to
cocrect for perturbations in the Keplerian orbit. [Ref. 13]
The satellite's position is calculated by Van Dierendonck's
algorithm [Ref. 13) with the addition of a secular drift
term to correct for perturbations in the irnclination of the
satelliite's orbit [Ref. 14].

The Messaje Block appears in the third through the tenthk
30-bit words of subframe 4 of the Navigation Message. This
space is reserved for alphanumeric messages provided to the
user by the Control Segment. Space exists for 23 eight-Dit
ASCII characters. [Ref. 13]

Almanac information appears in Data Block 3 in the fifth
subframe. Data Block 3 consists of 25 subframes allowing
for almanacs of up to 24 satellites (with one dummy
subframe). Twenty-five navigation messages nust be received
to acyquire the complete data set of Data Block 3. Extra
subframes can be used to repeat the almanacs for certain
satellites. Satellite almanacs provide the usar with less
precise position and clock correction information. Almanacs
aid the user in satellite selection and simplify the acgui-
sition of signals. Almanacs ianclude ephemeris paranmeters,
clock correction parameters, satellite idertification, and
satellite health terms. [Ref. 13]

14
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D. RECEIVER OPERATION

The GEOSTAR GPS receiver is a government sponsored -
version of the TI4100 commercial rsceiver (Fig. 2.1). The
GEOSTAR is a sinyle channel, multiplex receiver capable of
tracking four satellites on the L1 and L2 PPS. The control
and display unit (CDU) is a hand-held input/output device
with two l16-character alphanumeric displays. The antenra
assembly consists of a conical omnidirectional antenna with
a preanp that allows remote operation of the receiver. Two
100-foot cables coanect the antenua assembly to the -
receiver. One cable is used to input DC power to the preamp
and output the amplified RF signals. The other cable is
used for a built-in test signal injection from the receiver. '
(Ref. 15] .

A typical GEOSTAR geodetic surveying unit consists of a
2-man team, a station wagon or van, and the SEO0STAR field
set. The field set contains the receiver, CDY, the antenna
assembly, a cassette tape recorder, a tripod with a leve.inyg —
bracket, two 12-volt automobile batteries, an EFRATOM FRK-H -
rubidium oscillator, a weather station with sensors, catles, :
transportation cases, tools, manuals, and spare parts. The '
field set is easily contained and transported in the rear of
the vehicle. B

The antenna assembly is mountel on a standard surveyor's
tripod with a leveling bracket then leveled and plumbed over
the mark to be surveyed. A reference mark on the base of
the anterna assembly is oriented to north using a hand
compass. The height of the L2 phase center mark at the base
of the antenna assembly above the survey point is measured
and recorded. The antenna assembly, the power supply, tae
cassette recorder, the weather station, and the rubidium
oscillator are then connected to the receiver with the
appropriate cables. Scratch tapes are inserted in the
cassette recorder for the power-up procedure.

15
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Figure 2.1 The TI4100/5EOSTAR Receiver
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The system is turned on and the receiver and cassette
recorder self-tests are initiated. When the self-tests are
successfully completed, the GESAR bootstrap tape is inserted
in Drive 1. The program is loaded and blank tipes are
inserted in the two tape drives. The operator is then
prompted by the CDU rfor input information including an esti-
mate of the user's position, weather data, satellites to be
tracked, and Doppler aiding values for each satellite. The
system then operates unattended except ror the replacement
of cassette tapes as required and the periodic manual input
of weather data (if the automatic weather station is not

used) .

E. POSITION COHPUTATION

The satellite's position and the time of signal trans-
mission are computed with the broadcast epheameris and the
clock correction parameters included in the Navigation
Message. The time between the transmission and the recep-
tion of the sateilite signal multiplied by the speed of
lignt is the pseudorange.

Pseudoranges used to calculate the real-time solutions
are corrected for atmospheric delays in the GEQOSTAR Eeceiver
[Ref. 17]). Ionospheric refraction is nearly inversely
proportional to the square of the frejuency. By receiving
both the L1 and the L2 frequencies, the ionospheric delay is
calculated by comparison. [Ref. 16] Tropospheric delay is
calculated by a model based on temperature, pressure,
humidity, and the elevation of the satellite above the
horizon [Ref. 17]. Knowing the positions of four satellites
and the ranges to the user, the user's position is calcu-
lated by a least squares method.
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F. GEODETIC DATUMS

I The GEOSTAR real-time solutions are referencel in DoD World
Geodetic System 1972 (WGS-72) Cartesian coordinates. WG5-72

is an earth-~centered, earth-fixed, global, geodetic datua

adopted by DMA in March 1974 [Ref. 18]. The reference

| surface is an ellipsoid that best approximates the shafpe of
the earth's geoid. The ellipsoid is normally Jdefined by the

length of the semimajor axis and the flattening.

Latitude ranges between -90°9 and 90° with north zosi-
tive. Longitude is measured positive east from 00 to just
less than 3600 from the WGS-72 reference meridian at 0".54

AL i g

east of the Greenwich Meridian. The Cartesian X-axis is
formed by the intersection of the reference meridian plane
and the plane of the equator. The Y-axis is 900 east of the
X-axis in the plane of the equator. The Z-axis 1is in the
direction of the earth's aean rotation axis basad on the
average terrestrial pole of 1900-05. [Ref. 19]

The North American Datum 1927 (NAD-27) is a regional
datum based on the Clarke 1866 Ellipsoid with the origin at
Meades' Ranch, Kansas. The Clarke 1866 Ellipsoid minimizes
the deflection of the vertical and geoidal undulations in
the continental United States. Tha2 National Ocearn Survey
(NOS) , the National Geodetic Survey (NGS), and the United
States Geological Survey (U0SGS) use NAD-27 coordinates in
most survey operations. The transformation from HAD-27 to
WGS-72 refercence systems creates offsets of the order of 5

meters [Ref. 2]. It is assumed that this error is removed
when the reverse transformation is made; but the error o
source will still exist in the analysis of the WGS-72 point '

position discrepancies.

18
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III. ABALYSIS METHODS

A. EXPERIMENT DESIGN

kelative position field testing of the GEOSTAR Receiver
was performed in central Texas in February and “arch 1934.
Three receivers, each with an antenna located over a
different known position, were operated continuously over
approximately the same period of satellite visibility. FouL
satellites, with PRN codes 6, 8, 9, and 11, were tracked in
these tests. The period of data gathering was coordinated

with the time period in which all four satellites were in

view at the same time. The real-time positions of the -

aLtennas were recorded every 12 seconds over approximately a
six-hour period each day. The data were recorded orn

cassette tape then transferred to 9-track tape by ARL:UT.

B. GPS USER TAPES

The recorded data and the associated position coorii-
nates used in the analysis were ootained from N¥SUC/DL. Tue
GPS User Tapes are a standardized format, 9-track amagnetic
tape. The tapes are unlabelled, ASCII coded, 1600 bpi, with
80 characters per physical record and 1 record per Llock.

The first file on the tapes consists of header comment
records. This file assists the user in identifying the tape
and includes information such as the date and site of tae
data acquisition.

Cata files begin with an 80-character control record
(Cata Item List) which identifies the types of d1ata that
follow. The first location of all records is reserved for a
control character. The Data Item List control record has aun
asterisk '*' in the iirst position followed by an integer in

19
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the next three positions which specifies the nuzcer of times
to repeat the sejuence of the Data Itea lList. The renaininy
76 characters contain up to 19, U-digit data type identi-
fiers which specify the type of data that is to follow the
control record. Control records are read with 31
(A1,1I3,191I4) format.

Data information are one or more records in length and
divided into groupings called data items (Tab. 1I) -

[Ref. 19]. ]
: v
TABLE I {
Data Types of GPS User Tapes ‘
) Item Identifier Data Type i ]
' 0001-0999 Exchangje conversion prograa information ? .
1000-1999 Constant eguipment related data - A:
2000-2999 Campaign identifying data . v.'j
i 3000-39939 Infrequent weasurement data ;““1
4000-4399 Space vehicle related data . 3
5000-5999 Weather data S
6000-6999 " Real-time solution iata
‘ 7000-7999 Measurement data f:-J
8000-8999 Post analysis data ﬁ
1
Tha data type identifiers of the Data Item List specify the
] orier and the format of Low the data is to be read. )
| Data used in the analysis were read from the user
exchange tapes using a sLight modification of the sample
input program contained in referenze 19 (App. A). ]
2 keal-time solution information (data type 6010) was read . )
: from the tapes and written to mass storage and retained. _T
% Other information such as measurement data types (data type 3;}
:j 920) , real-time solution configuration (data type 1150), and ﬁ;j
. |
20 o
;:A_fﬂ

B N P U R T , o e T e e e e e e e .
'._'A‘.’.—F‘.).J'-GQA".—P.'.—‘."' O I S S I IR, M PREPPY S P PSP S SIS LRT. A R, T S A VA




ML R A S g — v — _—
T —_— T — PRSP A A ana yes man oo oug ) = —~—— v

anterna location (data tyie 2210) were read nanuaily iroa

the first page of the printouts of the tapes.

C. COORDINATE TRANSFORMATIONS

The coordinates of the stations used in the field
testing were given in NAD-27 geodetic coordinates. The
real-time solution output of the GEOSTAR Recelver are in
WGS-72 Cartesian coordinates. To make comparisons oi thie
given positions to the observed positions, the jiveu posi-
tions were transformed to WGS-72 Cartesian coordinates. The
transformation was done using the Abridged Mol ndensky
foraulas corntained in the NGS's conversion program (D035-41)
for the HP-41CV programmable calculator. The progran
proapts the user for the values of the origin shift fFetween -
coordinate systems. The X, ¥, ard Z origin shifts for
transforming from NAD-27 to WGS-72 are -22, 157, and 176
meters, respectively [Ref. 20]. These values differ fron
the origin shift values supplied with the transformation
program by NGS. The NGS values are -12.547, 155.804, and

| 2]

175.369, for the X, Y, and Z origin shifts, respectively.
The projyram generates semimajor axis and inverse flatteniny ﬁ

TABLE II
Transformation Program Parameters

Ellipsoigd a (meters) /£
Clarke 1866 6,378,206.4 294.9786532
WGS 72 6,378,135.0 298.2600000
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D. SATELLITE UPDATES

The ephemeris elements and clock model upiates occurred P
at identical times according to the data recorded in
field tests. An approximation of the update tines is calcu-
lated by subtracting the Age of Data (AODE) <frod tae ephem-
eris rererence time (tde), i.e.,

update time = toe - AODE (3.1)

The update times changed by -496, 1052, or 1552 seconds when
the computation of equation 3.1 was performed for eackh
satellite with subseyuent occurrences of the broadcast
ephemeris on the recording. The change is due to packing of
bits in the transmissions of the AJDZ values. An approxiaa-
tion of the update times is made, within a few minutes, by
using the first AODE values that cnange to smaller nuabers

(on the order of 1 to 2 hours) from previously recorded

iarge values (on the order of 24 hours). [Ref. 14] -

E. AVERAGING METHODS

Relative position determinations were made using reai-

..l“--,

time solutions from two different stations at the same GPS
time tays. Computer programs were written to read the real-
time solutions from mass storage and compute the Jdiscrepan-
cies Letween the observed and the given WGS-72 coordinates
of pairs of stations at common GPS times. The beginning and .-
ending times of data acquisition varied amony the three
receivers operated during the same time period; thus, the
effect of comparing solutions at the same time tags resulted

in the elimination of some of the real-time solutions fron

A

the analysis. 1In effect, the tape with the earlier startinyg
time was spooled forward to correspond to the starting time -
of the first real-time solution recorded by thLe receiver : s

P .
P Y UDOW Y B Y S NP
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that began operation at a slightly later time. Similarly,
the time of the last solution common to both receivers is
the last solution recorded by the receiver that ended opera-
tion first.

A mean position was determined in two different ways to
show the effect of the ephemeris and clock updates on the
real-time solutions and to eliminate real-tiae solutions

with large discrepancies from the averaging. In general,

relatively large discrepancies are
first hour of receiver operation.

discrepancies of pairs of stations
with the values one Lour after and

evident ia roughly trle
The real-time solution
were averayed begianing

two hours after the £first

.....
PR |

solution time coammon to both receivers. In thase tests,
Eeginning the averaging one hour after the initial solutions
cocrresponds to averaging the solutions that Wwers recorded a
short time before or after the update times and through the
remainder of the recording session. Beginning the averayiny
two hours after the initial solutions corresponds to using
only those values that were recorded much after the updates

and through the remainder of the session. Real-time solu-

.tions are treated as independent observations in the statis-

tical analysis.

F. COMPUTATIONS

The distances between stations (d), in the W3S-72 reier-
ence system, are computed by egquation 3.2 where X; ,Y¥;, and
Z, are tae WGS-72 Cartesian coordinates of one of the

stations, and X, Y, and Z are the coordinates of the

2 2
other station of the side. The side-lengths are calculated

d='V(X1—X2)2+ (Y, - ¥,)2+ (2, - 2,)2 (3.2)

23
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for both the jiven coordirates and the mean values of the
GEOSTAR real-time solution coordinates. The Jdiscrepancies
tetween the two are computed by subtracting the Jivern
distances from the observed distances. Discrepancies are
used in the averaginyg to save computer time and to reduce

round-off error.

The absolute value of the point position discrepancies
are computed by equation 3.3. where the subscripts o and g

Y

represent the observed and given values, respectively.

M

5 =~\/(xO SR S LI S LI (3.3)

The standard error of a single observation was calcu-

lJated as a measure of the precision of the real-time solu-

v

tions. The means and standard errors of a single, 12-seconi
real-time solution were calculated for the coordinate

discrepancies and the point position discrepancies.

Comparisons are made for the two averaging methods (Sect.
IIT E). The mean WGS-72 Cartesian coordinate discrepancies 4
were used to compute the final observed positions. The
observed positions are computed by subtracting the discrep-
ancies from the given coordinates.

G. GEODETIC COMPARISONS

Geodetic accuracy standards for horizontal cortrol
rejuire certain relative accuracies between directly
connected adjacent points. The distances between points are
coaputed along the ellipsoid - the geodesic. To0 comgare the
accuracies of the observed positions with the standards for
geodetic control, the WG3-72 Cartesian coordinates of the

observed positions are transformed to NAD-27 jeodetic coor-

b o d Ly

dinates. The transformations were done using a modification
of NGS's D035 program for the HP-41CV programmable

24
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calculator. 7The modified version uses the saae parameters
as those contained irn the original program (Tab. II).

The Jeodetic inverse computation 1s used to calculate
the geodetic distance and azimuths between two known points.
The inverses between given positions and between observed
positions were computed and compared.

To sirulate the positioniryg of an unknown station, one
station of a side is held fixed and the other station is
located using the direct computation. The coordinates of
the known position and the distance and azimuth to the
unkrown position are the input variables and the coordinates
of the unknown station are computed. The distance and
azimuth calculated by the inverse computation of the
observed point positions are used in tois calculation. The
direct and inverse computations were done on the IBM 3033
based on Puissant's Coast and Geodetic Survey Formula
[Ref. 21].

The standard errors of the discrepancies of the geodetic
position determinations for entire recording sessions are
calculated as an approximation of the repeatability. To do
so, the two point position discrepancies of each station orn
days 61 and 68 must first be averaged to determine a sinjle

value for the station.

25
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IV. RESULTS AND DISCUSSION

A. GIVEN POSITIONS AND DISTANCES

Data in this report are from relative position tests of
Macrch 1, 8, and 9, 1984. Three receivers werae ogerated
sinultaneously over a period of approximately siz hours.

The anternas of the HMarch 1st tests were located over a
second-order position and two of its reference marks. The
triangle has side-lenygths of approximately 30 meters. The
tests of #arch 8th and 9th were conducted at first-order
survey points separated by distances of 14 to 25 kilometers.
The data of the tests at one of the positions on March 9th
was not available at the time of this writing. TLe data
gathered on March 1st will be defined as the short base line
tests and the 14 to 25 kilometer testing will be termed

medium base line tests. Tables III and IV give the names

and the NAD-27 coordinates oi the statiorns and Table V gives
the distances and azimuths in each triangle. Distances and
azimuths were calculated using the inverse couputation :
(Sect. 1III G). ) 1
The NAD-27 coordinates of the jiven positions were 3
transformed to WGS-72 Cartesian coordinates using a NGS _
transformation program (D035-41). The ellipsoidal heights iﬁ;i
are corrected for the heights of the antennas above the ;'
station marks prior to the transformatiors. The neights of - 1
the antenras above the stations (data type 211J) were read

manually from the first page of th2 printouts of the tapes.

The distances between the points in W35-72 Cartesian coordi-

PRDSY Y W S S -

rates were calculated using eguation 3.2 (Tab. VI).
The computed side distances for ths FG3S~72 Cartesian ’ff 3

coordinate system are in all cases greater than or equal to

L]
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tk2 computed geodetic distances.

tests,

In

tihe differences were found to increase by .0035
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the medium kase lire

TABLE III
Station Names
J.D. Number Name Abbreviation
61 85019 ARL 10563 DY1a JME
35020 ARL 10563 K1 1 DMA EX1
25021 ARL 10563 RY 2 DMA R¥2
68,€9 35022 BE ZEROC BZERC
85027 PILOT KNOE 1635 PILOT
* 85028 BALD KNOB 1335 BNDJB
* Station not used in March Sth analysis B
TABLE IV —
NAD-27 Station Coordinates
Station North Latitude Hest Loazitude Ht. (a.) :
JMR 300 22+ 56n.74285 970 43* 35",97558 235.5 -
kM1 300 22 570.54452 970 43' 36".31041 235.7 T
EM2 300 22' S7v.06234 979 13*' 35".01029 235.6
BZERC 300 23* 16".31238 970 43* 42".0579) 238.4
FILOT 300 06*' 30".93387 970 42' 28%,.08922 215.9
ENJB 300 20 077.61000 970 35' 30".84770 204.4
percent of the length of the line. Diffarences of .911, e
.748, and .534 meters were computel for the side-lergths of
approximately 25.5, 22.6, and 14.3 kilometers, respectively.

These differences occur because the Cartesian distarces are

conputed between each point; the geodatic distances are

conputed from the projections of the points on the ellipsoid

............
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wkict does rot accourt for the ellipsoidal heights.

The

distances between BZERO and PILOT are =2qual to the nearest

TABLE V

NAD-27 Geodetic Distances and Azimuths

Side

JMR - RM1
JMEK - RM2

EM1

- RM2

BZEROC - PILOT
BZEKO - BNOB
BNOR - PILOT

26.255
27.591
37.759

25,492.277
14,346. 955
22,556.303

TABLE VI

Azimuth

3400 05!
6990 Q6"
1130 09

1750
1130
2090

32
51
40

WGS~72 Side-length Distances

68

69

ide

'U’)

JYR - BRH1
JME - EM2
RM1 - R2

BZEPO - PILOT
BZERO - BNOER
BNOB - PILOT

BZERO - PILOT

26.255
27.593
37.759

25,435,188
14,347.489
22,557.051

25,493.188

34n_ 72573
371 ,54898
19" .14446

46" ,25376

26", 80840
ggmr.s539158

nillimeter for tests run on days 68 and 55 even though the

heights of th2 antennas above the stations were different on

both days.
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B. SATELLITE UPDATE TIMES

The ephersris and clock update tiazes occurred approxi-
pately one hour after the start of dati acquisition in tnese
tests. There are approxirately 25 to 30 recordings of the
broadcast ephemeris (data type 4113) 3Juring tha2 six-hour
recording periods. The uplate times were computed (eqn.
3.1) using ths AODE values that chanyed from large runbers
to much smaller numbers in subseqguent recordings of the
Lroadcast ephemeris (Tab. VII). 3Satellites with PRN codes
9 and 11 were updated approximately one-half hour after the
upiates of codes 6 and 8 on days o1 anl 63. Aczording %o
the recorded ata, all four satellites were updated at

approximately the same time on day 68.

TABLE VII
Satellite Opdate Times (Seconds)

J.D. PRN codes EQS AJDE t . - AODZ

61 65,8 378,000 6, 144 371,856
9,11 378,009 4,096 373,904

€8 6,8,9,11 378,300 6,144 371,856

69 £,8 460,300 4,096 456, 704
9,11 464,400 6,144 458,256

C. BEHAVIOE OF THE REAL-TIME SOLUTIONS

1. WGS-72 Coordinate Discrepancizas

The real-time solutions were read rfrom th2 GPS User
Tapes and retained. The solutions of pairs of stations,

with time tags of real-time solutions zomamon t> both, were

AT “‘-"~.-‘ L . - . -
aonl safata e areta el et fllal e w

LA,




* used in the analysis. The Jdiscrepancies betwean the

K} observed coorlinates ard the given W3S-72 coordirnates
{observed - given) were computed aand plotted ovar tirne

; (Figs. 4.1 - 4.8). The vertical arrows in th2 figures

E~ irdicate the times of satellite upiates (Tab. VII). Tte

tick markhs on the horizontal (time) axis reprasent one Lour.
In general, the X, Y, and 2 codordinate discrepancies
begin with large values in the initial solutions and then
become smaller and more consistent aftar satellite updates
ard over time. There is a sijrificant improvement in the
discrepancies of the observed cooriinates near the time of
the update of PRN codes 6 and 8 at station J4AR and near the
update of codes 9 and 11 at station RY1 on day 61 (Figs.
4.1 and 4.2). The precision of the discrepancies in each
coordinate increase at all three stations on day 61, a short
time after the update of codes 9 and 11. The 3iscrepancies
at stations BZERO and PILOT on day 68 decrease approximately
one hour after the initial solutions (Figs. 4.4 and 4.5 .

2. %GS-72 Point Position Discrepancies

The absolute values of the point position discrepan-
cies of pairs of stations with common time tags were
computed (ecn. 3.3) for five-minute tims segm2ats and
plotted with the starndard errors over time (Fijs. 4.9 -
4.16). 1In general, the point position discrepancies andé the
standard errors decrease after satellite updatas and over
time. Zxcept for the general trend, there is no obvious
correlation of the accuracies (discrepancies) and the preci-
sion of the five-minute time segments at all stations on the
same day.

3. WGS-72 Side-length Discrepancies

Felatively high accuracy side-lengyth determinations

are evident at certain times; however, th2 times of these

30

T L I AN .
AT e L. C e e e e e e e U e .

P L T A L DR AL et L
«tat. Pt e, - NSRS - T e T P
I_'L.L.L'LLL'L.‘;L-A'A'L‘L.W‘L'AAA.AIL.“.k.Lh\L! h P VTS | Sl et o A B A A A A o

W SR A SN LI S A . €

v ——— e —— ———— s e e e e e e e e e




{
i
|
|
4

" T T DRSCENC AR s St s ELe B s St Shath AV Bvan Somt Sute Seat Sve ~ T e - — e — - e R R

Tt T "“'Y‘l AR

SR, ]

e

SHORT BATE L

T

TALIELT S INTERUAL = S MRS ‘

70.0
S|
VY B

i STAT O
N ) | - - ey e —
= I T R L
g 2] ‘ , T )
| ‘ oot
o) .
A E
‘ 1
4 9
L
W td .:
x 4
!
o~ 4
2 ]

(R -

DSCREPANCT ME T

. {
~
'1
<
]

~——

'
. . . L
LIPITOI W WNY ST U R SO AN SN D

~=70.0-00.0 =500 -49.3}

-7 —_— - -

369.09| 37260 176,20 T an W IR LR

GRS THIE VE % ; o

Figure 4.1 WGS-72 Coordinate Discrepancies

31

aala.z_:a

Al
‘
«
'

. C ettt - . PR P . . CURCIY [ I I T I B e T R
AP RPN, P G W - M AP . N - ' el g 2 o 2 2 b WP P ol h ol ol LAY VhAY Sad L TS PEF RV A AN ST G W N O W Y0y & Al wralraresre J




- J.D. Al 198e
i SHORT BASE LINE TESTS

- SAMPLING INTERVAL = 5 NIMPTES

LB
70.0
]

' STATION P
s« COOFPDI LT
T CRCTiT
Pl

60.0
|

50.0
L

40.0
)

30.0

20.0
1

106.0
1

0.0
L

REPANCT (METERS)

SC
~10.0
|
]

8]

o
o
(]

|
o 4
<
m !

. -3
o R
o
<+
{

2
(o3
i 1
~
f:‘é_

5
R \ A |
! T T T T T

369.00 { 372.60 375.20 372.80 383.40 LRI ERIRE

GES TIME (<E * 1

-—————— J
Figure 4.2 WGS-72 Coordinate Discrepancies )
32 B
]
1
R

e e e el e e el e : 3

PERIIN AN - PN . . . P PN ot e Sa e T ot
'-'4"""'_!&.'_4'1".'.}A:L‘.A'#“" LR IR I PP Iy i S S . . PP E PR P L I I WY St -




T Y ™ Ty T ——" y— - ‘v » BARARcscE samee s o — T Ty -——
N . bl " 0 "
.. ) t i ~ !
L
b
b
b
-..
b | —
! |
3 T _
4_
" .
o 0
, “ o
o
. ! } ”, {0
{ ! e | =]
[ | o
[ [} Q,
: & 1 )
’ i | [
[ ale | c
| L _ [ 0
| b "~ | el
! A e I a
! b= - ]
q | T, T i w
] _ TR ~ | +
* Lis [=]
! ¢ ouwo ., -
O o 4 ! \m R o
- _t 1 m ! wOL
e . ~. 3
Ll ro
Lo A O ™
_ S ST ; (&)
Llomo e
) = e ~
£ I8 [ ™~
[ o Sy 1
I = b a
] -
G | =
{ 1 |
v — - e .
' m
3 ﬂT ”h.._ .
o - 4
- T
| @
i e u
I & 3
—— —c o]
, S t
ﬁ T — D N A Soesets S St ke Sl S fa

-

«-w~a

r—

0’0 009 009

0°0%

070t

4
0oc

ool 00 Q0L- 0°0I- 0°0f - rer- 0T0%—

(SA3ZLIN 3 DINVIIEDICI

DTN - J.OR -

[s

M.




T hl
LD, ol
MEDIUM BATe LIHE 72777
SAMPLUNG INTER VAL = S 1Ay T
2
O
2
o . = :
(e -
O [ ] . v - —~
. N _
> 4
(el
<
o
<+
2
A
(@}
—~ d_
(VAN
a4 I
g |
L S
2 !
= 2 i
(5 O
27 ‘
i o
ul @-
[8
¢ oo
O 3
|
o
o 4
Q
|
2
2
|
2
o 4
w
i
2
o
o
5 |
sy
[ T T T - T 1
3R .00 VTR0 ITR.20 REER:1a 38240 3370 nnen
GRS OTINE DEL LN
]

Pigure 4.4

WGS-72 Coordinate Discrepancies

34




-
-

g

A

<

<

- —1 -

B |

(METERZ)

NCr

CREPA
~10.0

Bl

-30.0 ~20.0

200 600 0.0

40.0

=

[}

10.0

0.0

=500 - 4430

-70.0-00.0

30.0

1 ‘
l STAT 0 Sy T
| T S e
- ) [ L ;_' . :_
‘ < .
]

N ) R A
72.60 376,20 T80 LI

GPS TIE T T .

s i"_”h‘-—A‘_ -

DO

Figure 4.5 #GS-72 Coordinate Discrepancies

35

IS S B

. . tle e . - . . | .
BB B B B BooeosSaedeamediare WY P, TR T VAN UL W) SR AL WL W S

i el




. mas mae o o - - —— v Bt S el 2L e et S SRR SR Aol Janat Saate ek B B wgf
- h
R Ya R T
NMEDIUN BASE LiniE TESTS
SANFLG I TER, A = 2 n il TES

Q
S i
=} &
= |
0 E ]
o) |
5 |
e |
<+
|
]
o !
s I
m (
|
S |
O -
S |
64 |
[T
= l
W "
>
-2
.’_)‘
R 2
LU TS 1T F I T ITA LD T 0 ] 17 .
(T TR T L
L. —_ P
Figure 4.6 #GS-72 Coordinate Discrepaacies
36
A A U D SR A e et a A e s M ek aa A ae -

VO )

PR S

Ja i ak




-)

L YIS

PR PO Jusr L

70.0

60.0
SRS I

a0 50.0
_ﬁAA.l_rA__(A_.—
) _

30.0

|

<
= g
EAR |
ad ' | i
2o L
:g\
=
é@l
s
[ ]
)
2 ],
SR b

R RS S 300 -

e b

e
.

500
i

SRR

HORS

-
o
v

Gea 0D aRTAD

Figure 4.7

SANMPLIMG

AR

PTERYAL = AtAUTE

MEDRJN\BASE LiE TESTS

(Va2

e e

[ B

BEsB I Aeerd i) AT

GPT TIME R

%GS-7

2 Coordinate piscrep

37

ancies




e ——— L mme— s L e e -

4
H *
L , B |
. ' :,. . p
- | Lo n Ny
- , [}
RSN B i o
, . 0 x
1S B [=] U

0 1 B T PES o

X i [o W)

ool T @

(F | - [¥]

[ 1le | 5]

L) /)]

b ol

o i o o

T B ; w )

et - I +«

| o | . o

X (S 11 _:L -
M - ' oot o 1
- g LT 7] .
T L \_, R [+] © .
o 00 L = (o} ™ .
g [en] 1 — O P
TR & ST _ e ‘e
;o — ro o~ K
-2 - 7 i e~ «

—/ N o -
= - I ey (77
0 o= re v
H« o W e < ] f
. - “MV i °d
] <1 | .
(e8] “ o © O
- T o . .
L = ) ...
D% T
e — ] ]
v. _ [ ¥ L
L 7 < 2l ...
< (@)} .
; e, i
LR ¥4 -
3 ~ T - B S I s S S T T T T - - B Y
00« Q0e 005 00t 00t O0c G oL 070 O0L- 0'0I- 00t- ¢00t- 006— ('NG-0700 - N
(Sed3L AW DN d e DnI0 .
| .

[ - e—

S N T T T
e T atakaltatlatatateTan

A.a & &b A e A A BN N




I o

——————d

Discrepancies and Standard Errors

Figure 4.9

39




Figure

8.10

Discrepancies and Standard

40

Errors

- - y
s 3
p
L
}
if -
Lﬂl 1
STATI N P :
[ J.0. A11084 o
g SHORT BASELNE TESTS
L \ 5 MINUTE SEGMENTS o
o 1
]
| - e - :
. - ]
£ E
r -
4
) LEZEND )
le s DISCREPANC
; - | e 1 Slaas 1
3 3 .
- : -
4 ]
3 v ] _
%5 _—
L .
LEU 1
’Q_:
. A —d
1 <
o
.
B P
h N
'—C—) ' T v T T T - -
362.00 372.60 i76.20 372 R0 3732340 gt D nr_\»’«;l'?
GRS TIME (SEC vl 1

P AL
LISV SV SIY T W S S

o
et
s s a0

.
PN L I ] '-. ‘.): . ab = CC. ) - e ‘L"..'.' : “:‘L. Y|




P

METERT

Jooa L1aRg
SHOPT BASE e TESTS
S MINUITE SECNENTS

A R ol

—

b
s [
]
| |
j |
Jo
= ; I
o
|
| ]
o
TQL_“:&___L_\,_,,,,___M, e
369.0n 17280 38,00 37280 I8 a0 EES I

GRS TigE e

Figure 4,11 Discrepancies and Standard EBrrors

41

F PRI



T T T T T

r— - —
)
STATIOH RIES
J.D. 88,1284
MEDIUM BASELME TESTS
5 MINUTE SEGMENTS \
’(_: " )
\
S 4
: 1 LEGEND .
0 o DISCRERANC )
ol RS A
v
(1 -
L) - -
= ) !
[}
=

10

i -3 ~\
1113l

10

. \ .

0 |
'::‘ ’L' - "! T T T T T '_ =
i' RY N REIE oA 7R .20 37380 383.40 387.00 REIANAT ]
GRS TINE 1580 A
J
J. Pigure 4.12 Discrepancies and Standard Errors '

» 42
f




MR i}

’

v

MR MMMACOOS ancecnx

STATICH PILOT
J.O. 68,1084
MEDIUN BASELINE TESTS
5 MINUTE SEGMENTS
J
1
] LEGEND
a  DISCRERFANC
5 DRI

.

METER

10

1ol 41

10

Lol

10

H 1

1

\ 4

WMW\

L T L T T -
369.00 37260 376.20 377,80 383.40 18700 RIS
GPS TIME (ZED) €30
—————— —
Figure 4.13 Discrepancies and Standard Errors
) 43
b- -,
g
| ST ER PR - AT P A T A P ATl v U S A P A




~ DRt B ol S g Anoe S e S Baees g ens e n B a0 2

STATION 8HOB

J.D. 58,1984+
MEDIUM BASELIMNE TESTS
h 5 MINUTE SEGIMVENTS

LESEND
s DISCREEINC

ol e | S
]
3
WV
NI
] .
: C
L
=
93 .
]
-1

”'r i | ‘;».'

T T T T A
369.00 372.60 376.20 372,80 383.40 3g7.o0 ?‘3”.‘;"
GRS TIME 15ED an

10

— KS
Figure 4,14 Discrepancies and Standard Errors '
44 .
e e e e e e R N e e e e e e




STaT i BIERC
J.0.e2,a8L
MEDIUN BASELME TESTS
5 MINUTE SESMVENTS

;
o
r
r
,,
;
{
>
b
L_
h
o

Lol

i

¢
r . LECGEND
s DISCREFANLC

R
PSP S

el

1

METERS

10

Loyl

4

r
o © e [ SIGLA
@
f
b- -

N

~

10°

PR U G S A |

l
-
! 9 S —— T T T T - T T TTt,TTT T T T T T
453.600 457200 160,801 dFdam 468.201 471e02 R
i e . A
, GRS TIME SR e
!
L U ———

Figure 4#.15 Discrepancies and Standard Errors

4s

~ N
ST U P N Lt
S D A W ML G R U, DL IS A PO N P T P




' )
STATICOH 22T
J.D. £9,1084 g
MEDN M BASELINE TESTS .
P —
!
=3 )
! ]
} .
1 LEGETID
s LI REBANC )
yol DR R
v
x -
wJ -
B )
< i
T
Q4
3
B
: : )
‘ . '
|
L W\
= E N
] )
= Y, v 1 ' T —— :
453.600 457.200  460.80)  4ha.4nt 448001  ATLAND 478 200 ) )
GRS TIME (SEC . 3
-]
.
5
S s S
1
Figure 8.16 Discrepancies and Standard Errors v
46 R
<
!
T ]
s e T e e e e e L T e




solutions are not consistent at all stitions luring the same
day (Figs. 4.17 - 4.23). 7The discrepancies 1in the lengttks j
of sides JME-PM2 and EM1-PM2 are relatively small near tine

tay 282632; however, the side-lengjth iiscrepancy of JMR-EM1 T
at approximately the sare time is relatively larger than

other determinations of tkat sile on Jay 61. The side-

Vo
e f
A o' o' '

length discrepancies of J¥P-fM2 and RM1-EY2 are -.044 arnd
.037 meters at time tags 332632 and 382600, respectively.
The discrepancy of JHE-PM1 at time taj 352600 is .955
peters; whereis, the discrs2pancy is .+476 meters at time tayg
386400. Therefore, ihe most accuriate sile-lernjth determina-

tions do not necessarily occur at approximately the same

time for all three sides.

TLhe m>st accurate side-length determinations do rnot
necessarily occur when the magnitules of the poirnt position
discreparncy vectors of two stations are rearly the sane
tecause of differences in the directions of the 3discrepan-
cies. The side-length discrepancies determined on day €6
for the side BZEEC-BNOB illustrate this point (Fig. 4.21).
The point position discrepancies for stations BZERO and BNOB
are 10.889 and 10.816 meters at time tag 377808 and the
side-length.discrepancy is -.151 meters. At time tagqg
384408, the side-lenyth discrepancy is -.036 weters and the
magnitudes of the point position discrespancies are 9.295 and
14.053 meters. The side-length discrespancy is samaller at
the later time tag even though the difference in the magni-

tules of the point position discrepancies are jreater at
that time.

D. AVERAGING RESULTS

1. Determinatio

-

» of the Method of Averagirg 1

|

Two averaging schemes were used to arrive at mean

position discrepancies (Sect. 1III E). The means and

47
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1

e,

standard errors of discrepancies were comguted for tine ¥, Y,
and 7 coordinates and the absolut=2 vilues of ta= total foint
positiorn discrepancies (Tabs. VIII and I{).

The standard errors of the point position discreparn-
cies for the solutiors that were averijed beginning two
hours after the initial solutions are, in general, smaller
than those that were determined using all soiutions begin-
ning one hour after the initial solutions. The average
standard error of the absolute value of the point position
discrepancies for all pairs of determinations is 2.302
meters using the former averaging method, compared to 1.422
meters using the latter averaging method. Much of the
Cifference Lbetween these two stardard errors car be attrib-
uted to the relatively large point position discrepancies
corputed for stations BZERO and PILOT on day 63 between the
ficst and second hours after the initial solutions (Figs.
4.15 and 4.16) . Neglecting stations BZERO and PILOT on day
€9, the average of all standard errors of the point position
discrepaﬁcies are 1.€57 nmeters and 1.333 peters for the two
different averaging methods.

The elimination of the real-~time solutions recorded
between one hour and two hours after the start of data
acjuisition results in smaller standard errors of the point
position discrepancies in the averaging process. The
remainder of the analysis uses the mean coordinates deter-
mined by the averaging method in which only the real-time
solutions recorded two hours after ths initial solutions are
used (Tab. IX).

2. WGS-72 Results

The Y coordinate discrepancies are larger than the
discrepancies of X and Z coordinates at all stations with
the exception of those at station BZERD on day 59. The mean

observed X coordinates are consistantly differeat from the
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givenr X coordinates Ly approximately 5 to 6 meters at all
stations on all days of data acgquisition having an average
stindard error of .564 meters for all Jeterminations. The Z
coordinate has smaller discrepancies at all stations on days
68 and 69 compared to the other coordinates. The average
standard errors of the Y and Z coordinate discrepancies for
all determinations are 1.€600 and 1.560 meters, respectively
(Tab. IX).

The mean poirnt position discrepancies in the wWGS-72
Cartesian coordinate system range betw=2en 16.65) meters at
station RM2 on day 61 and 8. 197 meters at station 3ZERO on
day €9. The average of all the mean point position discrep-
ancy determinations is 12.685 meters. The standard errors
of the mean point position discrepinci=s ranje betweer .501
meters at station BZERO on day 69 and 2.802 meters at
station BNOB on day 68, with an average value of 1.383
meters for all determinations (Tab. IX).

E. GEODETIC COMPARISONS

The observed WGS-72 coordinates of each station are
conputed by subtracting the observed discrépancies from the
given coordinates. The observed W3S-72 Cartesiin coordi-
nates are then transforrwed to NAD-27 geodetic coordinates
using a modified version of NGS's D035-41 transformation

program.

1. Discrapancies of Point Position Determinations

The point position discrepancies of all pairs of
determinations are computed for th2 NAD-27 coordinates (Tab.
X) . Azimuths are measured from north. The average point
position discrepancy is -.38336 seconlds of latitude, =-.26088
seconds of longitude, and +9.391 ma2ters ic ellipsoid height.

The horizontal position discrepancies 2f the observed point

58

P T e vt R T PR R R S PUEEN . - e P TP SR S Y
PSPPSRI PP P LA 2PN . PR [ W WAL 5 cadaioate.lntelalistels

T —— e T - AN B S ats e res Shen B deen g

~y

. o -

o T et

L. d

At mm . A e

[ SO




v

~

tetit ull «8h oh8 g6h*y EEE 9+ S8LhZ - LL6LO" + LOTId

GhGLOuCZ +Lh ¢0TL L9L"L GZL"+ ALOGZ *- hi(8TL " - cyazg
BLEEL ulh W€E0 c9LL TLL-. H19°0L+ 8E€19C - 680LL * - gCNg
LLELL aZ0 116G 080L 058°9 he6 "9+ LOZhZ - LEZLO" - 10114
LINLG w80 +Eh olll the* L 68L 0L+ H66GZ °- ghgLL " - dcng
69Hh0°u8S WLt 06C1L 085°8 998 " h + LZLNHZ - 86LLL "~ oydzdg
6CELL nSS 4Oh 080L L6L"9 £06°9+ £90hZ °- LLOLO® - 10114
86ZLZ uhl Ol o06C1L £EOh*8 €56+ oohhz - LETLL - cudzd
Z0hZ0*ull 482 ¢S6 £EhZ°L 0Z6°hl+ noCLZ - Zh2Z0° - uy
G0ZSE a9 460 cZ0L WLz L ChZ €L+ £€£99Z°- LLENO® - L WY
LLY00 uSth +6t ol6 IZL 289 °hi+ WLL92 - Z6L€0" - 4°E|
£0L96°uSLl +hS ¢60L 69h°8 BLLZL+ hZeel - £9€60° - aue
£92£G°uBE 4L 0 0201 S$92°¢L 6CLEL+ ZL99Z°- 916400 "~ LWy
hHLCO0°uGH 406 0801 L9£"8 GL8°LL+ 86967 "~ LLL80" - war

YynuTIv (1) *3SIq (-@) *3H (338 Jo SPU0S39) *®3S

fuoT M *3eT °N

£cueda1sSTQ TPIUOZTION

sa1ouudaldsTIg UOT3ITSCd 3IUTOJ JELIUCZTIOH puUeR DTIBPO3

X 274X

59

TSP P EIPRAP L VUL P

=1}
b}




e ar Sy Torgre e AR SRA aanc 4 o S shae T Naren 2 CIMAE S Saam She sy aege Smae O T — i e d 3 -

[ positions for all determirations range between 6.498 meters
! at station PILOT on day 69 and 8.530 ma2ters at station BZEROC )
i on day 68. The average distance discrepancy alorg the '
ellipsoid is 7.596 meters. The azimuths from the given

b rositions to the observed positions range between 1290 41° e
' 53".04469 at station BZERO on day 68 and 340 48' 17v.17131 N

at station PILOT on day 6S. The observed positions have an )

average aziputh of 1090 25* 56%".5639 from the given

positions.
i 2. Discrapancies of Point Positions for ZEntire
)
' Recoriling Sessions

There are two determinations of point position

discrepancies on days 61 and 68 as a result of comparing O
e pairs of stations in the computatisns. An estimate of the )
repeatability of an entire recording session can be calcu-

ey

'..,'.xl'.'v ) ., 'A‘
AP - K

lated by first averaging the two point position discrepan-
cies for each station then computing tne standard error of
the eight determinations. y
The average discrepancies of antire recording
sessions are -.0798)0 seconds of latitude and -.25903 seconds
of longitude with standard errors of .03976 ani .01764 :
seconds, respectively. The average height discrepancy is -4

£.658 meters above the station with a standard error of

.
e

4.748 meters. The average horizontal distance 1iscrepancy

is 7.538 meters with a standard ercor of .714 meters. fﬁ‘“

3. ERelative Position Comparisons '

The distances and azimuths between pairs of stations
are computed for both the given coordinates and the observed
coordinates by the inverse computation. The difierences of B
twd> are computed by subtracting th2 given distances and R
azimuths from the observed values (Tab. XI). Six of the ‘

seven observed side-lengths are shorter tnan the distances

Vet et
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TABLE XI
Discrepancies of Observed Distances and Azimuths

B aing - T vy w v N T
T Ty K 3OOHse

i-.D. Side Dist.(m.) Aziputh
61
JRM-EM1 1.397 -44 44" 2009
JMR-RM2 -0.006 -40 17' 40" .3464
EM1-RM2 -0.231 -10 14" 30".5102
58
BZERO-PILOT -3.128 ~-1".24259
BZERO-BNOB -0.428 -26".09039
BNOB-PILOT -0.774 9" ,49565
59
BZERO-PILOT -4.556 ~17,35927

conputed from the given coordinates. In the short base line
tests, the differences in azimuth are of the order of
degrees compared to differences of the order of seconds of
arc in the medium base line tests. In general, the azinmuth
differences decrease as the side-length differances increase

in both the short base line and medium base lire tests.

4. FEkelative Position Discrepancies

Relative positioning is used to determine an unknown
positiorn relative to the position of a known station. <The
direct computation calculates the coordinates 2f a position
given the coordinates of a known position and the distance
and azimuth to the unknown position. The distance and
azimuth betwean pairs of observed positions are used in tae
calculation. Stations JME and RM?1 are taken as fixed in the
short base line tests and the positions of RM1 and RM2 are
calculated. Stations BZERO ard BNOB are used to locate
stations BNOB and PILOT in the medium base lin2 tests. The
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discrepancies of the calculated positions are computed in
terns of latitude, longitude, elevation, distince, azimuta,
ani relative accuracy btetween stations (Tab. XII). The
elavation discrepancies are determined by computing the
difference of the height discrepancies between pai-s of
point position solutions.

Felative position determirations differ from the
given positions by an average of 1.452 meters in the short
base line tests and 2.712 meters in in the medium base line
tests. The relative accuracies between stations range
btetween 1:13 for the side JME-RM1 on day €1 anil 1:17,418 for
the side BNOB-PILOT on day 68. The average relative accu-
racy of the medium base line tests is 1:9,712. Station
PILOT was determined to relative accuracies of 1:8,139 ani
1:5,593 with respect to station BNJOB on subsejuent days.

The data acquired in the short base line tests
provide useful information in the absolute position anal-
yses; however, this scenario is not a practical application
of relative position determinations. It is not justifiable
to measure distances of the order of thirty metars with sucn
expensive equipment when the distances can be measured accu-
rately with steel tape or other ina2xpensive eguipment.
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V. CONCLUSIONS AND RECOMMENDATIONS

bFased on the results of the meliunm base line tests, tle
real-time solutions of the TI4W100/3EOSIARK are capible of
estallishing relative fpositiors to Third-order, Class IZ
standards. Two receivers, one located at a known position
and the other separated by 14 to 25 kilometers, can locate
horizontal control in real-tize. This assumes five hours of
visikility of four satellites and 2 meins for the output of
a solution based on the averaging of real-time solutions
recorded at 12-second intervals.

It is found that relative positioning usinjy GPS is more
accurate than absolute point positioning. The average
distance discrepancy of thi absolute position determinations
is 7.538 meters compared to relative position averages of
1.452 meters in the short base line tests and 2.712 neters
in the medium base line tests. Th2 absolute point position
determinations have a one siyma repeatability of .714 meters
in distance discreparncy. The relatively high repeatability
of absoiute point position determinations resulted in rela-
tive position accuracies of 1:9,712, on average, for
distances of 14 to 26 kilometers.

Third-order, Class II accuracies can be obtained with
the GECOSTAR Feceiver in real-time. A typical operational
unit consists of two, 2-man teams; each team supplied with
the GEOSTAR field set. One team s2ts an antenna over a
krown position and the other tear locates at the point to be
surveyed. Both receivers should gather Jdata simultaneously
during the periods of satellite visibility (during Phase II
testing). Ths teams should agree to begin the averagirng
algorithm at a predetermined time tayj, preferably a short
time after the uploads to the satellites. Satellite upload
times can be requested beforehand from Vandenburyg AF3.
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Additional averaging methods should be explored. 1In
regard to the real-time solutions, averaging analyses could
te performed to determine the amount of Jata acguisitiorn
time rejuired to achieve certain accuracies. An analvsis of
this nature would te importart for special military applica-
tions where an accurate position is resjuired in less than
five hours of receiver operation.

In the Fall 1984 the GEOSTAR wi1ll undergo hardware and
software modification before full-scals production. It is
planned that the software will be modified to include reai-
time solutions of short time-interval observations; these
solutions will be different from existing real-time solu-
tions based on a cumulative least squires method. ([Ref. 22]
Felative position determinations using the real-time solu-
tions should improve with the new software because the solu-
tions of two receivers can be compired simultaneously with
no influence from preceding solutions.
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GPS USER-TAPE READ-WRITE PROGRAY

Chekkkdekokokokkokd kkkk ok ke kkhkk ek kokk ko Xokkkkkkx kxk¥xk ki %

O O 0 0 a0 0 o0 a0 OO0 60 o0o00nNn 0000600

THIS PROGRAM IS A SLIGHTLY MODIFIED VERSICN OF THE
EXAMPLE INPUT PROGKAY CONTAINED IN "A STANDAERDIZED
EXCHANGE FCRMAT FOR NAVSTAR GPS GEODETIC DATA"™ BY
BY v. DAN SCOTT AND J. GARRY PETERS, APPLIZD ERESEARCH
LABORATORIES, THE UNIVERSITY OF TEXAS AT AUSTIN, MAKCE
10, 1983. THIS PROGRAM CAN BE EASILY CHANGED TO EEAD
AND WRITE ANY DATA TYPE ON GPS USER-TAPES SUPPLIED BY
NSWC. 7O WRITE ALTERNATIVE DATA IYPES, CONSULT THE
ABOVE PUBLICATION TO DETERMINE THE DATA TYPES THAT
CORKEESPCND TO THE DATA OF INTEREST. EXAMPLE: TO PRINT
OUT EPHEMERIS INFORMATION (DATA TYPE 4110), CHANGE
THE GO TO STATEMENT FCLLOWING THE IF STATEMEWT THAT
TESTS FOR THIS DATA TYPE BELO& IO TRANSFEE CONTECL
TO WKITE STATEMENTS .WITH THE PROPER FORMAT. THE
FOERMATS OF ALL DATA TYPES ARE GIVEN IN THE ABOVE
FUBLICATION. THE JCL FOR THIS PROGRAM IS FOR AN
IBM 370 MODEL 3033. THE TAPES ARE RECORDED WITH 1600
BPI, A ICSICAL RECORD LENGTH JOF 80, A BLOCKSIZE OF
6400, AND ASCII CODED.

Chikhkkrkkkikk dkdhhhhkkhkkhhkkkgkhkhkkkhkixkhkkkkiokkhkk kdrkdkkkXx

C

//RAKOW JOB (1643,0130),*RAKOWSKY',CLASS=F
//¥MAIN CRG=NPGVM1.1643P

/7

EXEC FORTXCLG

//PORT.SYSIN DD *

C

C
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REAL*8 TTAG,X,Y,2,S1I3T

C
INTEGE® ICN,IRFP,ICONIR,NREF,INDEX,DTYPE, UNK,ASTEE,
# BLANK,SENT,PLUS,CHARE,CHAKF,CHARI, NRID
EEAL SI3¥X,SIGY,SIGZ,SKIP
C
DATA ASTER/'*'/,PLUS/'+'/,CHARE/'E'/,CHARF/'F'/,
* CHAR/'I'/,BLANK/' '/,SENT/'3'/
C
DIMENSION ICONTR(19)
C

100 CONTINUE
READ (1,10) ICN,IREP,ICONTR
16 FOPMAT(A1,13,15I4)

120 CONTINUE
IF (ICN.EQ.ASTER) GO TO 150
IF (ICN.SQ.PLUS) GO TO 100
IF (ICN.EQ.CHARE) GO TO 100
IF (ICN.EQ.CHARF) GO TO 500
IF (ICN.EQ.CHARI) GO IO 500
- IF (ICN.E£Q.SENT) GO T 500

Fﬁ c
: 150 CONTINUE
5 C
t IF (IREP.EQ.0) IREP=1
° NREP=0
’ ICN=BLAVK
1 C
4 200 CONTINUE
i. C
INDEX=0

A NREP=NREP+1
IF(IREP.LT.0) GO TO 300
IF (NREP.GT.IREP) GO TO 100
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GO TO 370
C .
H 30 CONTINUE ,‘u
C '.E
IF (ICN.YE.BLANK) GO T2 120 y
INDEX=INDEY+1 3
] IF(INDEX.GT.19) GO TO 200 i
DTYPE=ICONTR (I NDEX)
IF (DTYPS.EQ.0) GO TO 200
| c J
s IF (DTYPE.EQ.910) GO TO 204
' IF (DIYPE.EQ.920) GO TO 201
IF(DTYPS.EQ.1010) GO TO 204 ,
| IF (DTYPE.EQ.1020) GO TO 205 |
o IF (DTYPE.EQ.1030) GO TO 204 1

IF (DTYPE.EQ.1040) GO TO 203
IF (DTYPE.EQ.1050) GO TO 204
IF (DTYPE.EC.1110) GO TO 204 i
IF (DTYPE.EQ.1150) GO TO 202 1
IF (LTYPE.EQ.2010) GO TO 201 '
IF (DTYPE.EQ.2020) GO TO 201 .
IF (DTYPE.EQ.2030) GO TO 201 -TIQ
IF (DTYPE.EQ.2110) GO TO 203 4
IF (DTYPE.EQ.2120) GO TO 201 3
IF (DTYPE.EQ.2130) GO TO 201
IF (DTYPE.EQ.2140) GO TO 201 -
IF (DTYPE.EQ.2210) GO TO 202
IF (DTYPE.EQ.2250) GO TO 201 .
IF (DPTYPE.EQ.2270) GO TO 201 i
IF (DTYPE.EQ.3010) GO TO 202
IF (DTYPE.EQ.3210) GO TO 201
IF (DTYPE.EQ.3220) GO TO 201
IF (DTYPE.EQ. 3250) GO TO 201
IF (DTYPE.EQ.4010) GO TO 201
IF (DTYPE.FQ.4050) GO TO 201
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IF (DTYPE.EQ.4110) GC TO 204
IF (DTYPE.EQ.4120) GO TC 202
IF (DTYPE.EQ.4210) GO TO 203 P
IF (DTYPE.EQ.4250) GO TO 202 =
IF(DTYPE.EQ.4270) GO TO 202
IF (DTYPE.EQ.5010) GO TO 201
IF (DTYPE.EQ.6010) GO TO 6010 '
IF (DTYPE.EQ.6020) GO TO 202 ’
IF(DTYPE.EQ.6100) GO TO 201

IF (DTYPE.EQ.6110) GO TO 203

IF (DTYPE.EQ.7010) GO TO 201 '
IF (DTYPE.EQ.7110) GO TO 202
IF(DTYPE.EQ.7120) GO TO 201
IF (DTYPE.EQ.7210) 50 TO 201
IF (DTYPE.EQ.7220) GO TO 201
IF (DTYPE.EQ.7230) GO TO 201
IF (DTYPE.EQ.7240) GO TO 202
IF (DTYPE.EQ.7250) GG TO 202
IF (DTYPE.EQ.7260) GO TO 203 T
WRITE (4,31) o
FORMAT (* DATATYPE ERRIR') o

PPN WU T O AL h Y e s

P

CONTINUE "i“j
READ (1,11) ICN :
FORMAT (A1)

IF ((ICN.NE.BLANK) .AND. (ICN.NE.PLJS)) GO T2 120

L N ]

GO TO 390
CONTINUE g
READ (1,11) ICN B
IF ((ICK.NE.BLANK) .AND. (ICN.NE.PLUS)) GO ID 120 A
READ (1,11) NCN 1
GO TO 320 -
CONTINUE

- 1

.........

............




A Y C LR vrrmTyTTT——. M AL S s JA S A Site Jhea S bun Vi S A Vs A S A I i AJER e T .———

KEAD (1,11) ICN :
IF ((ICN.NE.BLANK) .AND. (ICN.NE.PLUS)) GO TO 120 -
REEAD(1,11) NCN
READ(1,11) NCN
GO TO 300

e
Aendidendinad

204 CONTINUS 1
READ (1,11) ICN '
IF ((ICN.NE.BLANK) .AND. (ICN.NE.PLUS)) GO IO 120
READ(1,11) NCN i

READ(1,11) NCN
READ (1,11) NCN
GO TO 300
o -
205 CONTINUE 4
READ (1,11) ICN ]
IF ((ICN.NE.BLANK).AND. (ICN.NE.PLUS)) GO ID 120 ]
READ(1,11) NCN T
READ (1,11) NCN 1

KEAD (1,11) NCN
RKEAD (1,11) NCN

. -
P T S

GO TO 300 R
-
c -
6010 CONTINUE T
C t.
EEAD(1,12) ICN,NRID,TTAG,X,Y
IF ((ICN.NE.BLANK) .AND. (ICN.NE.PLUS)) GO ID 120 ;
READ (1,13) NCN,Z,SIGT,SIGX,SIGY,SIGZ,SKIP n
WRITE (4, 14) TTAG,X,Y,Z A
WRITE (4,15) SIGX,SIGY,SIGZ -
Y
c :
i C READ FORMATS ‘
- c o
S 12 FOERMAT (A1,I2,8X,D22.15,D22.15,D17.10) e
‘. 3 FORMAT(A1,2D17.10,4E10.3) .
- 70
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9]

WRITE FOFMATS

14 FORMAT (D22.15,D22.15,D17.10,017.10)
15 FORMAT (31X,D17.10,4X,E10.3,4X,E10.3)

GO TO 300
500 CONTINUE
STOP
END
C
C
//G0.FT01F001 DD UNIT=3400-3,VOL=SER=nytape,
// DISP=(0LD,PASS),LABEL=(2,NL,,IN),
// DCB= (RECFA=FB,LRECL=80,BLKSIZE=6400,DEN=3,23P"CD=Q)
//30.FTO4F001 DD DSN=MSS.S1643.FILENAME, UNIT=3330V,
V4 DISP= (NEW,CATLG,DELETE), MSVGP=PUBL4B,
// DCB= (RECFM=FB, LRECL=80,BLKSIZE=6490)
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PROGRAM TO COMPOTE REAL-TIME SOLUTION DISCREPANCIES

(C % s 3 % o ok oo e ok ook e ok 3 ok K K e o ki ook o ok ok ok s ok ok skl ko ok ok Rk ok R ko ok ok Rokok ok ok kk ok

THIS PROGRAM COMPUTES THE DIFFERENCES OF THE X, Y,
AND Z COORDINATES, THE TOTAL POINT POSITICN DISCREP-
ANCIES, AND THE SIDE-LENGTH DISCREPANCIES FOR TWO
STATIONS AT COMMON GPS TIMES. THIS PROGRAM, IN EFFECT,
WHITES THE ABOVE DATA BEGINNING WITH THE FIRST REAL-
TIME SOLUTIONS OF EACH TAPE, THEN SPOOLS THE TAPE OF
THE EARLIER RECORDING SESSION TO CORRESPOND TO THE
GPS TIME JF THE TAPE THAT STARTED RECORDING AT A LATZER
TIME. A CONVERSICON OF THE GIVEN GEODETIC CODRDINATES
TO WGS-72 CARTESIAN COORDINATES MUST FIRST BE DOKE.
THESE VALUES ALONG WITH CCMPUTED SIDE-LENGTH DISTANCE
ARE ENTERED BELOW FOLLOWING THE TYPE DEFINITIONS. THE
OCUTPUT IS IN THE FORM: °*GIVEN VALUE - REAL-TIME
SOLUTION VALUE'.

O a0 000 a0 a0 0060000

Ce ke vk ik ek ok et ofe e o e ook ok ek ok ok sk e o e ek ok ke ko kR ok e ook ok ke Rk ok ok ok ke kok ok kk %k

C

//RAKOW JOB (1643,0130),'RAKOWSKY',CLASS=8

//7*MAIN ORG=NPGVM1.1643P

// EXEC FORTXCLG

//FORT.SYSIN DD *

C
REAL*8 TTAG1,TTAG2,X1,X2,Y1,Y2,21,22,DELX,DELY,DELZ,
* DIST,DVALUE,SIGX1,SIGX2,SI3Y1,SIGY2,SIGZ1,SI1G22,
* DELDST,X1GIVN,X2GIVN,Y1GIVN,Y23IVN,Z1GIVN,Z2GIVN,
* X1DIF,X2DIF,Y1DiF,Y2DIF,Z1DIF,22DIF,CFSET1,O0FSET2

DVALUE=25493.188
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X1GIVN=-T740577.548
Y1GIVN=-5456773.6062
Z1GIVN=3207660.081
X2GIvN=-740336.501
Y2GIVN=-5469717.020

Z2GIVN=3185698.432

c
READ (1,10, END=500) ITAG1,X1,¥1,21
READ(1,11) SIGX1,SIGY1,SIGZ1
READ (2,10, END=500) TTAG2,X2,Y2,22
READ(2,11) SIGX2,SIGY2,SIGZ2

c
IF (TTAG1.LT.TTAG2) GO TO 3

C

2 CONTINUE
READ (2,10) TTAG2,X2,Y2,22
READ (2,11) SIGX2,SIGY2,SIGZ2
IF (TTAG2.GE.TTAG1) GO TC 30
GO TO 2

3 CONTINUE
READ (1,10) TTAG1,X1,Y1,21
READ(1,11) SIGX1,SIGY1,SIGZ1
IF (TTAG1.GE.TTAG2) GO TG 30
GO TO 3

30 CONTINUE
IF (TTAG1.GT.TTAG2) GO TO 2
IF(TTAG2.GT.TTAG1) GO TO 3
DELX=X1-X2
DELY=Y1-Y2
DELZ=21-122
DIST=DS)RT (DELX**2+¢DELY**2+4DELZ**2)
DELDST=DIST-DVALUE
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X1DIF=X1-X1GIVN
Y1DIF=Y1-Y1GIVH -4
Z1DI®=Z1-Z15IVN
X2DIF=X2-X2GIVN
Y2DIF=Y2-Y2GIVN
Z2DIF=22-Z2GIVN
OFSET1=DSQKT (X 1DIF**2+Y1DIF**2+Z 1DIF**2)
OFSET2=DSQRT (X2DIF**2+Y2DIF**2+Z2DIF**2)

. . FYSEAE W DR

0

WEITE (4,42) TTAG1,TTAG2

WRITZ (4,43) X1DIF,Y1DIF,Z1DIF
FRITE (4,41) OFSET1

WRITE (4,43) X2DIF,Y2DIF,Z2DIF
WRITE(4,47) OFSET2 L
WEITE (4,41) DELDST

T aN

PPN UG WPEre S Y

READ (1,10, END=500) TTAG1,X1,Y1,21
PEAD (1,11) SIGX1,SIGY1,SIGZ1 ‘
READ (2,10, END=500) TTAG2,X2,Y2,22 ' ‘
READ (2,11) SIGX2,SIGY2,SIGZ2 '
GO TO 30

1
P oo
A A

. oid
READ FORMATS 4

(9]

e
"

10 FORMAT (D22.15,D22.15,017.10,D17.19) ]
FL 11 FORMAT(31X,D17.10,4X,E10.3,4X,E10.3) 1
c L

(@]

WRITE FORMATS

41 FORMAT(D22.15)
42 FORMAT (2D22.15)
43 FORMAT(3D22.15)

. PRI
f ‘ N P
Bk e i and i

M WA

9]

s e
Aa e

500 CONTINUE A
STOP

1
A ‘a

o
42

74

'.'." AT
B i R o

L g% et ot
»

R . e e

. . K .
g IS

At 4 h _a’'a'aala




5
]
. 1
4
1
END J
. C - j
//30.FT01F001 DD DSN=MSS.S1643.MYTAPE, L
/7 DISP=(OLD,XEEP),MSVGP=PUBYS ]
//30.TT02F001 DD DSN=MSS.S1643.FILENAME, o
/7 DISP=(OLD, KEEP) ,MSVGP=PUB43B R
/*30.FTOUF001 DD DSN=MSS.S1643.CHECK,UNIT=3350, 4
/% DISP= (liZh, KEEP),VOL=SER=MVS004,SPACE=(CYL, (4,4)), ]
/% DCB= (EECFM=FB, LRECL=80,BLKSIZE=6400)
/*
//30.FTO4FOC1 DD DSN=M4SS.S1643.filename,UNIT=3330V,
// DISP=(NEZW,CATLG,DELETE),MSVGP=PUBYB, ]
[ // DCB= (KECFM=FB, LRECL=80,BLKSIZE=6400) ]
[ e o
r -
i® // )
—
1
A
-
‘od
9
=
- “
f;:\
e
1
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i A0DC
f AODE
ARL:UT

{ ASCII

CDU

—

DMA
DMAHTIC
GEOSTAR
GuT

GPS
Mbps
MCS
NAD=-27
NAVSTAR
NSWC
NSWC/DL

PPS

PRN

SPS

WGS-72

<A Ga Ml Sae Bes Buan dun T T T

APPENDIX C

LIST OF ABBREVIATIONS
Age of Data (Clock)
Aje of Data (Ephemeris)
Applied Eesearch laboratories: Univ. of Texas
American Standard Code for Info. Interchange
Control and Display Urit
Defense Mapping Agency
Deferse Mapping Agency Hydro./Topo. Center
Geodetic Satellite Tracking and Ranging
Greenwich Mean Tire
Global Positioning Systenm
Million bits per secoud
GPS Master Control Station
North American Datum of 1927
Navigation Satellite Tracking amd Ranging
Naval Surface Weapons Center
Naval Surface Weapons lenter/Dahljran Labs.
Precise Positioning Service
Pseudo-Random Noise
Standard Positioning Service

wWorld Geodetic System of 1972
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